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EXHIBIT 4 :

o PATENT .
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Applicant- : Eaton, etal.

Appl. No. : 10/063,557
“Filed .t May 2, 2002
For . :  SECRETED AND' :
' TRANSMEMBRANE ' . 1
- POLYPEPTIDES AND NUCLEIC
ACIDS ENCODING THE SAME
"Examirier David J. Blanchard
Group Art Unit : 1642 -

Commissioner for Patents

 P.O.Box 1450
. Alexandria, VA 22313-1450

Dear Sir: | S .
. L, J. Christopher Grimaldi, declare and say as follows:

1. I am a.Senjor Research Associate in the Molecular Biology Department of
Genentech, Inc., South San Francisco, CA 94080. . . ' '

2. Ijoitied Genentech in January of 1999. From 1999 to 2003, I diected the Cloning -
Laboratory in the Molecular Biology Department. During this time I directed or performed

_numerous molecular biology techniques including qualitative Polymeras¢ Chain Reaction (PCR)

analyses. I am currently involved in, among other projects, the isolation of genes coding for
meriibrane associated proteins which can be used as targets for antibody therapeutics against
cancer. In connection with the above-identified patent application, I personally performed or
directed the semi-quantitative PCR analyses in the assay entitled “Tumor Versus Normal
Differential Tissue Expression Distribution” which is described in EXAMPLE 18 in the
specification that were used to 'identify differences in. gene expression between tumor tissue and
their normal counterparts. '

. 3. My scientific Curriculum Vitae, including my list of publications, is attached to
and forms part of this Declaration (Exhibit A). : '

4. In differential gene expression studies, one looks for genes whose expression levels
differ significantly under different conditions, for example, in rormal versus diseased tissue. .
: ..
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>'Chromosomal.aberr_aﬁons-, such as gene amplification, and 'chrom.osomal translocations are

important markers of specific types of cancelj'and lead to-the aberrant expression of specific
genes and their encoded polypeptides, including -over-expression and under-expression. For

- example, gene amplification is a process in which specific regions of a chromosome are

duplicated, thus creating multiple copies of certain genes that normally eéxist.as a single copy.

-Gene ynder-expression can dccur when a gene is not transcribed into mRNA. In-addition,
chromosomal translocations occur when two different chromosomes break and are rejoined to °

each other chromosoine resulting in a chimeric chromosome which displays a different expression
pattern relative to the parent chromosomes, Amplification of certain genes such as Her2/Neu

[Singleton et al, Pathol. Annix, - 27Pt1:165-190}], or chromosomal translocations such as 1(5:14), _
* [Grimaldi et al,, Blood, 73(8):2081-2085(1989); Meeker et al., Blood, 76(2):285-289(1990)] give
. cancer cells a growth or survival advantage relative to normal cells, and might also provide a

mechanism of tumor cell resistance to chémotherapy or radiotherapy. 'When the chromosomal

E aberration results in the aberrant expression of a mRNA and the corresponding gene product (the

polypeptide), as it does in the aforémentioned cases, the gene product is a promising target foxf

. cancer therapy, for example, by the fherapeuﬁc anﬁbo_dy approach.

3. ‘Comparison of gene 'ex'pre.s's,ion" levels in normal- versus diseased tissue has -

impoﬂant implications both diagnostically and therapeutically. For example, those who work in_
this.field are well aware that in the vast majority of cases, when a gene is over-expressed, as

evidenced by am increased production of mRNA, the gene product or polypeptide- will also be
- over-expressed. It is unlikely that one identifies increased mRNA expression without associated
- increased protein expression. This same principle applies to gene under-expression. When a

gene is under-expressed, the gene prodict is also likely to be under-expressed. - Stated in another
way, two cell samples which have differing mRNA concentrations for a specific gene are
expected to have correspondingly different concentration of protein for that gene. Techniques
used to detect mRNA, such as Northern Blotting, Differential Display, in situ hybridization,

' quantitative PCR, Taqman, and more recently Microarray technology all rely on the dogma that ‘a -

chapge in mRNA will represent a similar change in protein. If this dogma did not hold true then

. these tebhniques would have little value and not be so widely used. The use of mRNA '

quantitation techniques have identified. a seemingly endless number of genes which are
differentially expressed in various tissues and these genes have subsequently been shown to have

_correspondingly similar changes in their protein levels. Thus, the detection of increased mRNA

expression is expected to result in increased polypeptide expression, and the detection of
decreased mRNA expression is expected to result in decreased polypeptide expression. The

detection of increased or decreased polypeptide expression can be used for cancer diagnosis and
treatment. - : ' '

6. However, even in the rare case where the protein expression does not correlate
with the mRNA expression, this still provides significant information useful for cancer diagnosis
and treatment. For example, if over- or under-expression of a gene product does not correlate
with over- or under-expression of mRNA in certain tumor types but does so in others, then -

-identification of both gene expression and protein expression enables more accuraté tumor

classification and hence better determination of suitable therapy. In addition, absence of over- or
. . _ 2- . '
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' under-expressmn of the gene product in the presence of a'particular over- or lmder-expressxon of
mRNA is crucial information for the practicing clinician. For example, if a'gene is over-expressed.
but the corresporiding gene product is not s1gmﬁcant1y over-expressed, the clinician accordingly
will decide_nof not to treat a patlent with agents that. target that gene product. -

: 7. . Thereby declare that all statements made herein of my own knowledge are true and
_ that all statements made on information or belief are believed to be true, and further that' these,

statements were made with the lcnowledge that willful false statements and the like so made are
" punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States

~ Code and that such willful statements may Jeoparchze the vahdxty of the apphcatlon or any' -

‘paterit issued thereon '

By // '- | | Date: (g‘ /” i”‘

. Chy fstop_her Grimaldi
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‘J. Christopher Grimaldi | :
. 1434-36"™ Ave, .
San Francisco, CA 94122
(415) 681-1639 (Home) -
EDUCATION  University of California, Betkeley |

Bachelor of Arts in Molecular Biology, 1984

EMPLOYMENT EXPERIENCE

SRA Genentech Inc., South San Francisco; 1/99 to present

. ?revibus'ly, was responsible to dxrect and manage the Cloning Lab. Currently focused gp. .

Immunology Department. Directed a Iab of 6 scientists focused on a company-wide team effort
to identify and isolate secreted proteins for potential therapeutic use (SPDI). For the SPDI project
my duties were, among other things, the critically important coordination of the cloning of
thousands of putative genes, by.developing a smooth process of communication between the
Bioinformatics, Cloning, Sequencing, and Legal teams. Collaborated with several groups-to

* . discover novel genes through the Curagen project, a unique differential display methodology.

Intéracted extensively with the Legal team providing essential data needed for filing patents on
novel genes discovered through the SPDI, TAP and Curagen projects. My group has developed,

+ implemented and patented high throughput cloning methodologies that have proven to be

essential for the isolation of hundreds of novel genes for the-SPDI, TAP and Curagen projects as
well as dozens of other smaller projects. -

Scientist DNAX Research Institute, Palo Alto; 9/91 to 1/99

Involved in pultiple projqcts.a.im'ed'atunders'tanding novel genes discovered titough .,
bioinformatics studies and functional assays. Developed and patented a method for the specific
depletion of eosinophils in vivo using monoclonal antibodies. Developed and implemented
essential technical methodologies and provided strategic direction in the areas of expression,

cloning, protein purification, general molecular biology, and monoclonal antibody production.

- Trained and supervised numerous technical staff,

Facilities .
Manager Corixa, Redwood City; 5/89 - 7/91,

Directed plant-related activities, which included expansion planning, maintenance, safety,
purchasing, inventory control, shipping and receiving, and laboratory management. Designed
and implemented the safety program. Also served as liaison to regulatory agencies at the local,
state and federal level. Was in charge of property leases, leasehold improvements, etc.
Negotiated vendor contracts and directed the purchasing department. Trained and supervised
personnel to carry out the above-mentioned duties.

¥
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- SRA University of California, San Francisco -

Cancer Research Institute; 2/87-4/89.

Was resbonsible for numerous cloning projects including: studies of somatic hypermutation,
studies of AIDS-associated lymphomas, and cloning of 1(5;14), t(11;14), and t(8; 14)

‘translocations. Focused on the activation of hemopoietic growth factors involved in the 116 §14)

. franslocation in leukemia patients..
Reséarch . .
Technician - Berlex Biosciences, South San Francisco; 7/85-2/87.

Worked on a subunit porcine vaccine directed against Mycoplasma hyopneumoniae. Was
responsible for generating genomic libraries, screening with degenerate oligonucleotides, and

“characterizing and ¢xpressing ¢1ones in E. coli. Also constructed a general purpose expréssion

vector for use by other scientific teams. -

-PUBLICATIONS

‘1. Hilary P. Clark, et al. “The Secroted Protein Discovery Initiative (SPDI), a Large-scale

Effort to Identify Novel Human Secreted and Transmembrane Proteins: a bioinformatics
- assessment.” Genome Res. Vol 13(10), 2265-2270, 2003

2. Sean H. Adams, Clarissa Chui Sarah L. Schilbach, Xing Xian Yu, Audrey D, Goddard, J.

stopher Grimaldi, Yames Lee, Patrick Dowd, David A. Lewin, & Steven Colman® ‘BFIT,

. a Unique Acyl-CoA Thioesterase Induced in Thermogenic Brown Adiopose Tissue: Cloning,
organization of the humanb gene and assessment of a potential link to obesity” Biochemical
Journal, Vol 360, 135-142, 2001 '

3. Szeto W, Jiang W, Tice DA, Rubinfeld B, Hollingshead PG, Fong SE, Dugger DL, Pham T,
Yansura D, Wong TA, Grimaldi JC, Corpuz RT, Singh JS, Frantz GD, , Devaux B, Crowley
CW,.Schwall RH, Eberhard DA, Rastelli L, Polakis P; and ] Pennica D. “Overexpression of
the Retenoic Acid-Responsive Gene Stra6 in Human Cancers and its Synergistic Activation
by Wnt-1 and Retinoic Acid.” Cancer Research Vol. 61(10), 4197-4205, 2001

4." Jeanne Kahn, Fuad Mehraben, Gladdys Ingle, Xiaohua Xin, Juliet E. Bryant, Gordon Vehar,
. Jill Schoenfeld, J. Christopher Grimaldi (incorrectly named as “Grimaldi, CJ”), Franklin
Peale, Apama Draksharapu, David A. Lewin, and Mary E. Gerritsen. “Gene Expression

Profiling in an in Vitro Model of Angiogenesis.” American Journal of Pathology Vol 156(6),
1887-1900, 2000.

5. Grimaldi JC, Yu NX, Grunig G, Seymour BW, Cottrez F, Robinson DS, Hosken N, Feslin
WG, Wu X, Soto H, O'Garra A, Howard MC, Coffman RL. “Depletion of eosinophils in
mice through the use of antibodies specific for C-C chemokine receptor 3 (CCR3). Journal of
Leukocyte Biology; Vol. 65(6), 846-53, 1999 '

~ 6. Oliver AM, Grimaldi JC, Howard MC, Keamey JF. “Independently ligating CD38 and Fc

gammaR1IB relays a dominant negative signal to B cells.” Hybridoma Vol. 18(2), 113-9,
- 1999 :
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Cockayne DA, Muchamuel T, Grimaldj J C, Muller-Steffer H, Randall TD, Lund FE,
Murray R, Schuber F, Howard MC. “Mice deficient for the ecto-nicotinamide adenine
dinucleotide glycohydrolase CD38 exhibit altered humoral immune responses.” Blood Vol..
92(4), 1324-33, 1998 ’

Frances E. Lund, Nanette W. Solvason, Michael P, Cooke, Andrew W. Heath, J. Christopher
Grimaldi, Troy D. Randall, R. M. E. Parkhouse, Christopher C Goodnow and Manreen C.
Howard. "Signaling through murine CD38 is impaired in antigen recepitor unresponsive B

- cells." - Buropean Fournalof Imnmuriology, Vol: 25(5); 1338-1345,1995"

10.

S § ¢

‘M. J. Guimaraes, J. F. Bazan, A. Zolotnik, M. V. Wiles, J. C, Grimaldi, F. Lee, T.

McClanahan. "A new approach to the study of haematopoietic development in the yolk sac
and embryoid body.” Developmest, Vol. 121(10), 3335-3346, 1995 '

J. Christopher Grimaldi, Stiram Balasubramanian, J, Femando Bazan, Armen Shanafelt,

“Gerard Zurawski and Maureer; Howard. "CD38-mediated protein ribosylation.” Journal of

Immnnology,Vol. 155(2), 811-817, 1995

Leopoldo Santos-Argumedo, Frances F. Lund, Andrew W. Heath, Nanette Solvason, Wei.
Wei Wu, J. Christopher Grimaldi, R, M. E. Parkhonse and Maureen Howard. "CD38

* unresponsiveness of xid B cells implicates Bruton's tyrosine kinase (btk) as a regulator of

12,

13

14,

15,

- 16.

17.

CD38 induced signal transduction." International Immunology, Vol 7(2), 163-170, 1995

Frances'Ltmq, Nanette Solvason, J. Ch_n'stopher Grimaldi, R. M. B. Parkhouse and Maureen
Howard. "Murine CD38: An immunoregulatory ectoenzyme." Immunology Today, ‘Vol.

-16(10), 469-473, 1995

Maureen Howard, J. Christopher Grimaldi, J. Fernando Bazan, Frances E. Lund, Leopoldo
Santos-Argumedo, R. M. E. Parkhouse, Timothy F. Walseth, and Hon Cheung Lee.
"Formation and Hydrolysis of Cyclic ADP-Ribose Catalyzed by Lymphocyte Antigen .
CD38." Science, Vol. 262, 1056-1059, 1993

Nobuyuki Harada, Leopoldo Santog-Argumedo, Ray Chang, J, Christopher Grimaldi, Frances
Lund, Camilynn . Hrannan, Neal G. Copeland, Nancy A. Jenkins, Andrew Heath, RM.E.
Parkhouse and Maureen Howard. "Expression Cloning of a cDNA Encoding a Novel Murine

B Cell Activation Marker: Homology to Human CD38." The Journal of Immunology, Vol.
151, 3111-3118, 1993 :

David J. Rawlings, Douglas C. Saffran, Satoshi Tsukada, David A. Largaespada, J.
Christopher Grimaldi, Lucie Cohen Randolph N. Mohr, J. Fernando Bazan, Maureen
Howard, Neal G. Copeland, Nancy A. Jenkins, Owen Witte. "Mutation of Unique Region of
Bruton's Tyrosine Kinase in Immunodeficient XID Mice." Science, Vol. 261, 358-360, 1993

J. Christopher Grimaldi, Raul Torres, Christine A. Kozak, Ray Chang, Edward Clark,
Maureen Howard, and Debra A. Cockayne. "Genomic Structure and Chromosomal Mapping
of the Murine CD40 Gene." The Journal of Imamunology, Vol 149, 3921-3926, 1992

Timothy C. Meeker, Bruce Shiramizu, Lawrence Kaplan, Brian Hemdier, Henry Sanchez, J.
Christopher Grimaldi, James Baumgartner, Jacab Rachlin, Bllen Feigal, Mark Rosenblum and
Michael S. McGrath. "Bvidence for Molecular Subtypes of HIV-Associated Lymphoma:



‘Division into Peripheral Monoclonal, Polycloral and Central Nervous System Lymphoma."
AIDS, Vol. 5, 669-674, 1991 : '

18. Ann Grimaldi and Chris Grimaldi. "Small-Scale Lambda DNA Prep." Contribution to
Current Protocols in Molecular Biolo , Supplement 5, Winter 1989

19, J. Christopher Grimaldi, Timothy C. Meeker. "The t(5;14) Chromosomal Translocation in a

Case of Acute Lymphocytic Leukemia Joins the Interleukin-3 Gene to the Immunoglobulin
Heavy Chain Gene." Blp’od, Vol. 73, 2081-2085, 1989

20. Timothy C. Meeker, J. Christopher Grimaldi, et al. "An Additionsl Breakpoint Region in the

BCL-1 Locus Associated with the t(11;14) (q13;q32) Translocation of B-Lymphocytic
Malignancy." Blood, Vol. 74, 1801-1806, 1989 .

Somatic Hypermutation in the V' Region of the Ig H Chain Gene of a Human Chronic B

«* - Lymphocytic Leukemia." The Journal of Immunélogy, Vol. 141, 3994-3998, 1988 -

MANUSCRIPTS IN PREPARATION

‘1. Sriram Balasubramanian, T, Christopher Grimaldi, J .‘Femando Bazan, Gerard Zurawski and

Manreen Howard. "Structural and functional characterization of CD38: Identification of
active site residues"

PATENTS

1. “Methods for Eosinophil Depletion with Antibody to CCR3 Receptor” (US 6,207,155 B 1).

2. “Amplification Based Cloning Method.” (US 6,607,899)

3. Ashkenazi et al., “Secreted and Transﬁlembmne Polypeptides and Nucleic Acids Encodin

the Same.” (this patent covers several hundred, genes) 9 .

4, ' “IL~-17 Homologous Polypeptides and Therapeutic Uses Thereof”

‘5. “Method of Diagnosing and Treating Cartilaginous Disorders.”

MEMBERSHIPS AND ACTIVITIES
Editor Frontiers in Bioscience
Member  DNAX Safety Committee 19911999

Biological Safety Affairs Forum (BSAF) 1990-1991
Environmental Law Foundation (ELF) 1990-1991

21 Timothy C. Meeker, J. Chiistopher Grimaldi, Robert O'Rourke, et al. "Lack of Detectable. .
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anslocation in a Case of Acute Lymphocytic
3 Gene to the Immunoglobulin IH[ea}vy Chain Gene

By J. Christopher Grimaldi and Timothy €. Meeker

Chromosomal translocations have proven o b, important
priarkers of the genetic abnormalities central to the patho-
genesls of cancer. By cloning chromosomal breakpoints
ono can identify abtivated proto-oncogenes. Woe have stud-

led a case of B-lineage acute hymphocytic. leukemla (ALL)
that wag asseclated with periphoral biood eosinophilia. The
chromosomz] transiocatdon t{6:14) (431:q32) from this

T ARYOTYPIC STUDIES of leukemia and lymphoms

have identificd frequent nonrandom chromosomal
translocations. Some of these translocations jiixtapose the
immunoglobulin heavy chain (IgH) gene with important

e HAE.  Sau 3A -
. I 3 R B
N L

N-L

1.3- ¢

1.4

Fig 1. DNA blote of the leukemis sample. The restriction

fragment pattern of normal human DMA (i) and the leukemia

sampio (L) wero compared using & human Jh probo. Rearrenged
bando aro inddieated by arrows. Sampio L exhidko o oinglo reamr
vanged band with both HindIN/EcoRl and SaudA restricddon
digasto. The rearranged bands are less Intense than the other

bands becouse tho majority of colls In the sample represent normet
bone marrow elementa. ) .

Blood, Vol 73, No 8 {June), 1989: pp 2081-2085

wdied-atrthe moteculartevel This

transiccation joined the

ing (Jh} region to the promotor region of the interleukin-3

(-3} gene in opposite wanscriptional orfentations. The
data suggest that activation of the iL-3 geno by tho-

enhancer of the immunoglobufin heavy chaln gene may play-

a contral rolo In the pathogenesls of this leuketmta and the
assaclated ecslnophille.
"0 7969 by Grane & Seratton e~ -+ - - - - - -

Immunoglobulin heavy chaln join-

protooncogenes, such as c-mye and be-2.22 In this way, the
IgH gene can activate proto-oncogenes, resuliing in disor-
dered gene expression and a step in the devefopment of
cancer. The investigation of additional nonrandom transtoca-

. tions into the ¥gH locus allows ws to identify new genes
., promoting the gencration of leuktemia and lymphoma,

A distinct fabtype of acute lymphocytic lenkemia (ALL)
has been chasacterized by B-lineage phepotyps, associated
cosinophiliz in the peripheral biood, and a t¢5;1 4(q31;432)
chromosomat translocation.™ - This syndrome probably
eccurs in"<1% of all patients with ALL. We hypothesized
that the cloning of the translocation characteristic of this
lenkemia might allow the identification of an important gene
on chromosomoe 5 that plays 2 roke in the cvolution of this
disease. In this report we demonstrate that the interleukin-3

gene (IL-3) and the IgH gene are joined by this transloca-
tion. )

MATERIALS AND METHODS

Sample and DNA blots. A bone marrow aspirate from a repre-
sentative patient with ALL (L1 morphology by French-American-
British [FAB} critesia), peripheral eosinophilia (sp to 20,000 per
microliter with a normal value of <350 per microliter) and a
£(5:14)(q31;q32) translocation was studjed. Using published meth-
ods, genomic DA was isolated and DNA blots were mads.® Briefly,
10 pg off high molecaiar weight (mo] wt) DNA were digested using

an applopriata restriction enzymic and efectrophoresed on a 0.8%
357055 kL. The el was stained wigh ethidium bromide, photo-
* graphed, dénatured, neutralized,

transferred to Hybond (Ames-
sham, Arlington Heights, IL). After treatment of the flter with
ultraviolet light, hybridization was performed. The filter was washed
to a final stringency of 0,2% saturated sodium citrate (SSC) and
0,1% sodium lanryly sulfate (SDS) and exposed to film. The human
Jh probe has been previously reported.$

Genomic library. The genomic library was made using pub-

From the Division of Hematology/Oncology, Department of
Medicine, University of California, San Francisco.
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lished methods.’ Approximately 100 #8 of high mol wt genomic
DNA were partially digested with the Sau3A restriction enzyme,
Fragments from 9 to 23 kilobases (ib) in size wero Isolated on o
‘sucrose gradient and ligated into phage EMBL3A (Strategens, San
Diego). Recombinant phage were packaged, plated, and screened as
previously reported. .

DNA sequencing, . Fragments for sequencing wese cloned into
M13 vectors and sequenced by the chain termination method using
Sequenase (United States: Biochemical, Cleveland).” AR sequence
dato were derived from bothy strands.

) RESULTS

We studied & bone marrow sample from a patient with
ALL and associated peripheral cosinophilia, Karyotypic
analysis showed the characteristic (5;14)(g31;32) translo-
cation. These features define a distinctive subtype of ALL.¥
The leukemis cells wers analyzed for cell surfaca phenotype
by immunofivorecencs. Thoy were positive for B {CD20),
B4 (CD19), cALLA (CD10), HILA-DR, and terminal

* deoxynucleotidyl transferass (Tds), but negative for surface
immudoglobulin. This phenotypic profile deseribes an inma-
* ture cell from tite B-tymphocytic lincage.” )

Thelcukemis DNA was analyzed by Southern blotting for
reasrangements of the IgH gene. Using a human iinmuno-
- globulin Jh probe, 2 single rearranged band was detected by
EcoRl, Hindil, Ssti, Sau3A, and EcoRl plus Hindixl
-restriction digests, suggesting rearrangement of one allele
(Fig 1). The immunoglobulin Jh region from the other allele
wis presumably either deleted or in the germline configura-

tiom, .
We hypothesized that the t(5:14)(q31;932) juxtaposed a

GRIMALD! AND MEEKER

growth-promoting gene on chromosome § with the immung-
globulin Jh region on chromosome 14. Therefore, a genomie
library was made from the feukemic samplo and screeneqd
with a Jh-probe. Fifteen distinet positive clones were isolated
and screened for the presence of the rearranged Sou3A
fragment that was detected by DNA blotting. By thig
analysis, five clones appeared to represent the rearranged
allele identified by DNA blois. One of these clones (clone ng,
4) was chosen for furthey study and & detsiled pestyi

! Lo Pestriction
" MAP Was generaved. Thic EcoRI, ‘HiadWT) EcoRT; and Sssi
fragments from clone no. 4 that hybridized to the human Jh

probe were also identical in size to the rearranged fragments
from the leukemia sample, confirming, that clone no, 4
represented the reasranged leukemic allele.

Phage clone no. 4 contained 3.7 kb of unknown origin
joined to the IgH! gens in the region of Jhé (Fig 2). The Izl

gene from Jhi4 to the Cmu region appsared ¢o b in germling

configuration. Previously, the geae enceding hematopsigtie™ **

growth factor IIL-3 had been mapped to chromosome 5q31 e
it was suspected: that clone no, 4 might contain part of this
geno™® When the restriction ‘map of human TL-3 and clope
10. 4 were compared, they were identical for more than 3 kb
(Fig 2). )

We confirmed the Juxtaposition of the IL-3 &ene and the
IgH gene by nucleic acid sequencing of the subclomed)
BstBIl/Hpal fragment (Fig 2). The sequence of this frag-
ment showed no disruptionof the protein coding region oz the
messenges RNA of the IL-3 gene. The break in the IIL-3 geno
occurred in the promotor region, 452 base pairs (bp)
upstream of ‘the transcriptional start site (position 64, Fig

, EcoRl - ' HNdTE  SauSA BstEl  SauoA BamHI
° . B, R L'.' ! nin |
igH : DEh—-—c:.;’ g —
Cn Sp E JH
. 0.5kb -
—t

Fig2. Broalpalnt rogion: {8;94)437:¢32). Comparstive ma
9en6.2 The map of clone no. & ioid
to tho map of [1-3.

hatchod box dieatas tho ssquenced reglom.

pping of phage clone no. 4, the germilne lgJh reglon, and the gormiino -8
entical to that of lpH untii k diverges tn the roglon of Jh4 lat the dashod line),

The tweo genos aro pocktionod tn o hoad-zo-head orlentation. Tho by 1 chaln constant roglon
erthancor (E), and Jh sogmento aro Indicated {open cymbols). The five oxono (dark boxas) end four Introns of the

aftor which k & idgniter

{Cu), owlech ropten Sz,
-3 geno aro shown, Tho



1{6; 14) CHROMOSQOMAL TRANSLOCATION

3A). The break in the IgH gene occurzed 2 bp upstréem of

the Jh-sregion. Between the two breaks, 25 bp of uncertain
origin (putative N sequence) were inserted.”™ No sequences
hommologous to the immunoglobulin heptamer and nonamer
counld be identified in the IL-3 sequence (Fig 3B). Therefore,
nucleic acid sequencing confirmed the juxtapasition of the
11~3 gens and the IgHl geme. The sequence data cleasly
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GM-CSF maps within 9 kb of JL-3 in the same transcrip-
tional orientation.!® Using this information and assuming &
simple translocation event in our sample, we can concluds
that the TL-3 gene is normally morc centromeric, and the
GM-CSF gene. more telomeric on chromosome Sq (Fig 4)-

Furthermore, both are transcnbed with their 5’ ends toward
the centromere.

showed that the genes were positioned-in ppposite transcnp-

_ tiomal orfentations (head-to-head).

.. —_Available datn also allowed us to determino the Jormal |
positions of the IL-3 gene and the GM-CSF gene in relation

. to the centromere of chromosome 5 (Fig 4). The IgH gene is
kmown to bs positioned with the variabie regions toward.the

teflomere on chromasome 14 It has also been shown that

B\ 3, coraacea
’ &

5° T&C%WMW&WWW@MG@M@WR@G 168
30 amammmmemmcmmmmm&mmm

DISCUSSION

j_n this report we have cloned a unique chromosomaﬁ

. transiocation that appearsto be 2 GmisteatTanFcofatars, ~
yet distinet, clipical form of acute leukemia. This transioca-
tion joined the promotor of the IL-3 gene to the Igk gene.
_ Bxcept for the altered promotor, the IL-3 gene appenred

+
Gwamcmmmmammmmcmmmecmccm 88
7L CATCATCTCCATTARGTAGTATCGRCCCCTARTCGTCGCACTGGCCE

-t

-

. DODOBLHOND

50 GTAGMCAGGTGA‘I’GGCAGA‘E’GAGATCCC&\CTGGGCAGGAGGCCTCRGTGBGCTGAGTC&GGCTR&CMCTGCC&CA 240
3¢ mmmmmmmm@mccmcmmcmcmmmmmmcm :

5° GGGGTCCTCTCACC'EGCTGCCRMWC@WMRCWWGAMT&CCMGTR&TCW 328
3° ccccnesacacrccnccnccmamccmn@@ms@emcmammmmamam

L2 12 2
5 v mmcmmcmcmcrammm@mmuwammmmcmmcam

3° ABAGARCAMGTGRCTAGN\CTCRTGATCTTDCAGTACCTACTTA'I"I‘M'IGCAGRCRCCABAAGATI\CCTCCMGGTACA 400

5° CBGATAAAGATCC‘ITCCGBCGCCTGCCCC&CACCACCACCTCCCCCCGCC’ITGCCCGGGGT’L'GTGGGCBCCTTGCTGCTG 480
3’ GICTATTTCTAGGRAAGGCTGCGGACGGGGTGTGGPGCTCGAGGGGGGCGGRACGGGCCCCARCACCCGTGGRACGACGAC

50 CACA_MAGGCGGQ\CGI'IGTTGCCMCTCT&C&GAGCCCCJ\CGAAGGACCAGN\CBAGACAGAGTGCCTCCTGCCGAT 560
37 GTGTI\TBH’CCGCCCMCMCABCGGMGAGAAGTCNGGMCT@TCMCWCRCGG&GGACGGCTA

N

50 CCMCMQAGCCGCCTGCCCGECCTGCTCCTGCNCAACTCCTGGI&%CC&GhC‘ICCAAGCRCCB‘IQ\CCCBGAC 64C
30 GGTTTGTACTCGGCGGACGGGCAGGACGAGGACGAGGTTGAGGACCRGGCGGGGCCTGRGGTTCGBGGGTACTGGGTCTG .

5°MCG‘1’CCTTGRAGACMGCTGGGTTMC 30 668
3'TTGCAGGAACTTCTGTICGACCCAATTG 5

LaThé 5 TGGCCCCAGTAGTCAAAGTAGTCACATTGTGGGAGGCCCCATTARGGGGTGCACARRAACCTGACTCTC

9 3¢ Wn@c‘rﬂcmccwccsccammmccccaccmmmmmm
R

Cl1.04 5 ' PGGCCCCAGTAGTCAAAGTAGTAGAGGTAATTCATCATAGCTCCGGATTAGCAGCGTGACCGGCTACCA

3! ACCGGGGTCATCAGTTTCATCATCTCCATTAAGTAGTATCCACGCCTAATCGTCGCACTGGCCGATGGT

A s a g R RS TR

1-3 5 GGCACCARGAGATGTGCTTCTCAGAGCCTCAGGC TGAACGTGGATGTTTAGCAGCGTGACCGGCTACCA
- 3°CCGTGGTTCTCTACACCAAGAGTCTCGGACTCCGACTTCCACCTACAAATCGTCGCACTGGCCCATGGT

Flg 3 Boguence of B;14}{g3%:q32) breakpoint rogion. (A) Nuclootido seqmomo of tiho BoeEll/ Hpal ragmont Indicatdd on Fig 2.
Nuclootides 1 to 38 represem tho Jrd coding replon underined on tho coding strand.” Muclcotidoo 39 to 83 aro a pantativo N reglon. Tho
soguonto from pasklon 84 te 888 ks that of tho germiino B8 gona® Tho -3 TATA box (488}, tronseription otart [816), and nkiotion
methionine (687) are underfined. Two proposed rogulatory sequences in the promoter aro marked by ssterisko {positions 182 and 389). (B)
Comporetive sequenco of tho G:14)(¢31:432) breakpolnt reglon. Tho lgdhd reglon 1o shown with Ko coding reglon, heptemor, and
nonamor undsriinod. Clono no. 4 o chovm with putative K reglon sequences underlined. Tho IL-3 soquenco bo also shown. A phus sign {+)
denoted the ldontical nuclaoiide betweon seqmm No hopramer or nonamor Is idontifiod in the {1-8 soguonco.
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Fia 4. Dlsgram of tho trenslocation. Tho nermac) chromosomo
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14432 the Vh roglons are telomerte. Tho £(B;14)¢31:q32} translo-
cation rasults In the head-to-head orientation of thase genes.
Symbots are defined In Fig 2. BP. brealtpoint position.

intact as no deletions, insertions, or point mutations were
detected by restriction mapping of the entire gene and
sequencing of part of the gene. The IgH gene has been
truncated at the Jh4 region, which places the immunoglobu-
lin enhancer within 2.5 kb of the IL-3 gene."™® This leads to
the hypothesis that the enhancer is increasing transcription

important for activation of the c-mye gene in some cases of
Burkitt’s lymphoma.” Anr alternate hypothesis is that the
climination of an upstream 113 promotor element is crucial
to the activation of the IL~3 gene, '
The proposed activation of the IL-3 gene suggests that an
autocrine loop is important for the pathogenesis of this
leukemia 2 Over-expression of the IL-3 gené conpled with

GRIMALDY AND MEERER

Ahe presence of the I3 receptor in these cells could accouat

for a strong stimulus for profiferation. In this regard, theys

are data indicating that immature B-lincage lymp

and B-lineage leukemias may express the [L-3 receptor 5323
-An additiona] feature of this type of leukémin is the

dramatic eosinophi consisting of mature forms. Ip hag

been hypothesized that the cosinophils do rot arise firom the

malignant clone, bu¢ are stimulated .by the tumop,220

Because of the known effect of IL-3 on eosinophil differentig.
thom; secretion of bigh fevels of IL-3 by Teukeniie Gl migin ’

have a role in the eosinophilia in this typeof 13
The data suggest that thé recombination mechanfsm thae
is.active in the IgH gene during normal differcatiation has
role in this translocation.™* This is supported by the break-
point!oeaﬁqn'atthefpndofmmmepmemeo{(
putative N-regioa sequences. On the other hanad, nogeeombis
aation signal sequencs (heptames and nonames) was found
in this region on chromosoms 5, 'suggesting theg additiona]
factors a!wp!ayedlam!l.e. E\mhecnw&wmdmﬂmﬂha
thechanism of this and other transloeations.,
In the leukemia we studied, it is possible that the imnowno-

globulin enbasicer also activates the GM-CSF geno, since
‘this gene is probably positioned anly 14 kbaway (Fig 4).
is known 10 bo within the range of enhancer activation. The
intesleukin:$ (IL-5) gene maps to chromesome $q37.2
Deregulation of the IL-5 gene by this translecation would act
synergistically with IL-3 in the stimulation of -eosinophil
proliferation and differentiation.® Theso and other Guestions
will be answered by the study of more patient samples: We
plan to determine whether the 1(5:14)(q31;932) transicca-
tion is capable of activating multiple lymphokines simulta-
neously and whether they coopérate in the geaeration of: this

leukemia.
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RAPID COMMUNICATION

Activation of the Imterleukin-3 Geme by Chromosome Tramsioc
. Lymphocytic Lenkemia With Eosinophilia

ation im Acute

By Timothy C. Meeker, Dan Hardy, Cheryl Willman; Thomas Hogan, and John Abrams

The H&;14}q31:932) translocatlon from B-ilneago scute
lymphotyde loukembs with coslnophilia has been clonad
from twvo loukemia sampiee. tn Both cases, thio transioca-
tion Joined the lgH gene and the Interleuldn-3 (1L-3) gene, in

- oo mrexdandedl b

‘were -moasuyed! end shown top corvelato. with dissase

\. NUMBER OF chzmmospme transiocations have been
assoclated with human Jeukemia and lymphoma. In
many cases the study of thess translocations has led to the
discovesy or charscterization of prolo-ongogenes, such ag

i, bek2, o-abl, and o-mipe, that sre-decated adjacent to the

translocation.'? It is now widely' vaderstood that cancen

- asgociated translocations disrupt mearby fproto-opcogenes.

A dlsﬁaq&mb&ypaoﬂacutelmkqmiaﬁscﬁmmﬂaimﬂby
the trind of B-lineage immunophenotype, cosinophilia, and
the £{5;14)(q31;932). translocation. Leukemic cells from
such patients have beén pasitive for terminal deoxyiucleotidyl

" transfesase (Tdt), common acute-lymphoblastic leukemia
antigen (CALLA), and CD19, but acgative for surface or

- eytoplasmic immunoglobulin. Tn previous work, wo cloned

the t(5;14) brealpoint from one leukemic sample (Case 1)

- and determined tBat tho IgH and interlenlin-3 (IL-3) genes

wero joined by this abnormality.® In this report, we extend
those findings by showing that the t(5;14)(q31;q32) transio-
cation from a second leukemia sample (Case 2) has a similar

structue, and we report our study of growth factor expres-
sion in these patients.

MATERIALS AND METHODS

Samples and Southern blots. Case 1 has been described 3
Clinical foatares of Caso 2 have been described in detail? DINA
isclation and Sonthern blotting was done using previously deseribed
methods’ Filtess were hybridized withan immunoglobulin Jh probe,
a 280 bp BamHI/EcoRI genomic YL~3 fragment, and an HL-3

" ¢DNA probie.”?

Northernblots. RMNA isolation and Northemn blotting bave been
described.” Briefly, Northern blots were done by separating ug
total RNA'on 1% agaroso-formaldehydo gels. Equal RNA loading in
each lane was confirmed by ethidium bromids staining. Blots were

- hybridized with an IL-3 cDNA probe extending to the XHo I site in
exon 5, a 720 bp St 1/Kpn 1 probe derived from intron 2 of the IL.-3
8ene, 8 600 bp Nhe 1/Hpa 1 IL-5 cDNA probo, and a 500 bp Pse
1/Neo I granulocyte-macrophage colony stimulating factor (GM-
CSF) ¢DNA probe.!12 -

Polymerase chain reaction. Primess wero designed with BamHI

* sites for cloning. One primer hybridized to the Jh gequences from the
1gH geno (Primer 144: 5“TAGGATCCGACGGTGACCAGGGT),
and the other hybridized to the region of the TATA box in the IL-3
8eno (Primer 161: S'-AACAGGATCCOGCC!ITA’H‘A’II’G’H‘GCAG).
Potymerase chain peaction {PCR) (95°C for ! minute, 61°C for 30
seconds, and 72°C for 3 minutes) was done using 500 ng genomic
DNA and 30 pmol of each primer in 100 4L containing 67 mmol/L
Tris-HCl pK 8.8, 6.7 mmol/L. MgCl,, 10% dimethyl sulfoxide
(DMSO0), 170 ug/mL bovine serum albumin (BSA) (fraction V),

Blood, Vol 78, No 2 {July 15), 1820: pp 286-289

. om0 Patlont, @iessn -5 7 the. . ..
feultemis caflo. n tho second potient, corum (-3 lovels

activity. There was no evidencs of excess granulocyts/

macrophage colony stmulating facter {GR-CSF) or BB

oxpresslon. Quz data support the formulation that thig

subtypo of leukemla may erlse in part’ beeguso of o
smoesemo_trendlocation : 20-tho-I-8 BENO,-

recukting In autecrinoand paracrine growth offeeto,

® 7980 by The American Seclety of Homatology.

166 mmol/LL ammonium sulfats, 1.5 muol/L cach dNTP and Tag

polymmse(?erkin-mmes!waalk,Cll‘).‘” .
Sequencing. S@qumdngwandoneby_chalntemimmhmw
m”mwﬁ%mequbdmaﬁbw'
-3 Fromotos, covering 598 Baso palrs from o Sras I site at poaltion,
—12%40 (mmmmmmﬁismrmﬁmmmm
toanNkeHﬁtemtpoaiﬂnm-M&TﬁaphmMmﬁahﬁathbmom

wasuglﬁfxom-N&ohoAmiofﬁ:leNAXRmﬂmﬁm

TF1 bloassay. TF-1 cells were passaged in RPMI 1640 supple-
mented with 10% heat-inactivated fetal bovine serum, 2 mmol
L-glutamine, and 1 ng/mL human GM-CSF."* Samples and antibod-
ies were diluted In this same medinim lacking GM-CSF but contain.
ing penicillin and streptomycin. A 25 uL volume of serial dilutions of
patient seyum was added ¢o wells in g fla¢ bottom 96-welk microtiter
plate. Rat anti-cytokine monoslonsl antibody in a volume of 25 u¥,
was added to appropriate wello and prefncubated for 1 hour st 37°C.
Fifty microlitess of twica washed TR-1-cells were added to each well,

,,mamwmwmmnxumcamwmn.m

yolume, 100 pL). The plato was imcubated for 48 houry The
remainiag cell viability was determined metabolically by the colori-

.
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metric methol of Mosmann dsing 2 VMax microtiies plate reader
(Moleculaz Devices, Mealo Park, CA) set at 570 and 650 am.’
" Cytoldng lnemumoassays, Theso assayn used sag moneclonal
 anticytaline antibodies (30 ig/mlL) to coat 1ho wells of & PYC

JESE-39D10, and BYD2-23B6, fior the IL-3, IL-5, and GM-CSF
assayn, reapectively. Patient zevn wers then added- (undiluted and
Mmeeems,mdﬂmafoem,s.mmmmw
1:3 for GM.CSP). The detecting immusoresgents used were either
mseamﬁxeeum%ﬂdwniwodophmyﬂ (NT?)-Rerivatized zat

L5 and GM-CSFT, respectively, Bound antibody was subsequeatly

Emmunoparaxidase conjugaten borserndish pezonidase
(HRP)-abeled goat anti-mouss Ig for I1-3, or HRP-labsled rat (V4
MoAD) anti-NYP for IL-$ and GM-CSF. The chromogenic sub-
tzato was 3-3'azino-bis-benzthiazoline sulfenats (ABTS; Sigma, St
Louls, MO). Unlmawn valnes wero intespolated from standard
corven prepared from dilutions of the recombinant factors using
Softmaz software available with the VMATR miczoplate reader
(Molecular Devices). .

RESULTS

joining region (Jh) probe, a rearranged fragment at ap

7] #1

Fig 9. Broakpolnt. soquences for Caoo 2. Tho gormiino 1gJh& roglon soquonco (pretin coding |
 Bagquensod 070 urderinod) i on tep, tho tranclestslon coguencd from Coso 2 (PCR prtmer coguonces'ong
- = o tho-mbdd N0 R R TV TR QUSNEO, TANEH WO derivcs o

miczotites: plnts, The captneg, antibodles used weso BYD3-86G8, -

mionoclonn] omtitiodles JESI-SA2 and BVD2-21C11, specific for.

+» Mately 14 kb was detected (datanot shown). When réprobed .
with either of two different IL-3 pro?es,a rearranged 14 kb

the IL-3 genc in a head-to-head coafiguration (Fig 1),
Sequence analysis indicated that the breakpolnt on chromo-
some 14 was just upstream of the Jhs coding region, The
brmkpoint@chmmosomaScmwedQ%bpu@smmw

sequences during the translocation eveng 110 Figure 2 shows

S IS S S I

0:5 Kb
——

Fig2. Relotlonship of chromecomo Bmmotmumsmgm.%ﬁmmmmmdwmmm(emm)mmmm
tho normal -2 geno.*® Ono breatpolnt coourod ot pogition —182 nt_a_;ﬂ the othor ot —834 (arrows). fy bath -
translocatons resulted in o head-to-hoad Joining of tho g penc and tho IL-3 gene, cingd protoln eoding kopionc of the
geno bntact. Boxos deneto tho fvo IL-3 excons; roctriction anzymes aro (B) Ban), (P} Fotl, (M) Hpot, (E) Eeont, &8

loaving tho mRMA tho

and U8 Xao
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ﬁﬂmgemmuhmmmBWmeWManwWMmomWWm
Wmmﬁmmwmmmwmmemwnomm-memmmammm
WMWWMWMMe@MMWWM. . .

the locations of the two cloned breakpoints in relation to the
IL-3 gene. The two cBmmosomeSlbrmkpdnkswmsm—
rated by less than S60 bp. )

The genomie structare in Cases 1 and 2 suggested thag g
mormal L3 gene product was ovex-expressed as a result of
the altefed promotor structure. This would predict that the
TL-3 geno on the transiocated chromosome was capabie of
making JL~3 protein. This prediction was tested by express-
ing a genomic fragment from the translocated allele of Case
1 containing all five IL-3 exons under the control of the SV40

Ppromotor/enhancer in the Cos7 cell line. Celt supernatants -

wero studied in a proliferation assay using the factor depen-

dent erythrolenkemic cell line, TW-1. The supernatants”

derived from tramsfections using the vector plus insert
supported TF-] proliferation, whilo supernatants from trang-
fections using the vector alone wero negative in this assay
(data not shown). Furthermore, the Biolegic activity conld b
blocked by an antibody to human IL-3 (BVD3-6G8). This
result showed that the translocated allele retained the ability
to make IIL-3 mRNA and protein,

The level of expression of IL-3 mRNA in leukemic cells
from Case 1 was assessed. Northern blotting showed that the
maturs IL-3 mRNA (approximately 1 kb) and a 2.9 kb
unspliced IL-3 mRNA were excessively produced by the
levkemia (Fig 3). The 2.9 kb form of the mRNA is also
Ppresent at low levels in normal peripheral blood T lympho-
cytes after mitogen activation (Fig 3). Several B-lineage
acute leukemia samples without the 't(5;14) translocation
had undetectable levels of IL-3 mRNA in these experiments,
In addition, although genes for GM-CSF and IL-3 map close
to the IL-3 gene and might have been deregulated by the
translocation, no IL-5 or GM-CSF mRNA could be detected
in the leukemic sample (dats not shown).’%® .

'ﬂ‘hxeasemmsamplwfmmCasezwereassayedby
immunoassay for levels of IL-3, GM-CSF, and IL-5 (Table
1). Serum -3 could be detected and correlated with the
clinical course. When the patient’s leukemic cell burden was

highest, the T1-3 level was highest. No serum GM-CSF of
IL-5 could be detected. ’ .o

Since the IIL-3 immunoassay measnred only immusoreac-
tive factor, wo confimed that biologically active 1L-3 was
present by using the TIF-1 bioassay,. This bioassay can be
rendered monospecific using appropiiate nentralizing mono~
clonal antibodies specific foz B-3, TL-5, o GM-CSF, We
observed that sera from 1-16-84 and 3-14-84 contained TF-1
stimulating activity that could be blocked with anti-T1-3
MoAb (BVD3-6G8), but not with ‘MoAbs to IL-5 (JBS]-
39D10) or GM-CSF (BVYD2-23B6) (Fig 4; GM-CSF data
not shown). The amount of neutralizable bioactivity in theso
two samples correlated very well with the differonce in -3
levels obtained by immuniassay for these samples. Purther-
mare, the failure to bleck TR-1 proliferating activity with
cither amti-L-5 of ant-GM-CSE. sras ¢ nsistent with the
inability o micasure these Factors by ?;nmu'ﬁoassay .and

Tablo 1. Poripheral Blood Counto and Growth Footor Lavelo
: at Different Thmes In Case 2

Soempla Dsto
1/16/84  3/14/84

19/18/83

Peripheral blood counts {cells/ul}
WBC

81,800 116,600 12,300

Lymphoblasts 0 33,785 [+
Easinophils 48,628 73,080 816
Serum growth factor favels (pg/ml) )
L-3 T <444 7,986 1,051
GM-CSF <18 <18 ‘<i8

-5 <B0 <60 <60

PMMW&MMZMWMM@MW
the comaspending growth fector lovelo quentifiad by Immunoasday, Tho
paﬂemmce!veddlemoﬂmswm ﬂ/‘ls/“mdal‘lQ/Mmhww
his leukemic burden.® No serum semples wers avallable for @ stmilar
analyslo o Cass 1.

Abbreviation: WBC, whito blood colte,

B
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indicaﬂedltha&&hweothermyeloidmmhfgumwmm& The finding of the IE~-3 geno adjacest 10 o cancem
detectably circulating in the serum of thig patient. associated transiotation suggests thag its actfvo.
: A ﬂomishhpommfomomoogenmm@m&hesﬁs&hmm
‘ DISCUSSION autocrine loop fozrmlfﬁsmnpommfozthéwmm&m of thfs
In this report, wo'have extended our analysis of acute leukemia™ Tho excessive IL-3 production that we hayo
lymphocytic leukemis and éosinophiiia associated with the  documented would be one feature of such an avtecring loop,
t(5;14) translocation. IIn both cases we have studied, wohave  The final proof of cur thesis must awaik additional date. I
decumented the joining of the IL-3 gene from chromosome §  particular, from the study of additiongl clinfcal samplen, 7
to the TgH gene from chromosomo 14. Tho breakpoints on ~ will b3 aecessary to document that the IL-3 receptor 3
chromosome S arc within 560 bp of each other, suggesting  present o' the leukemic cells and thae ant--3 antibedy

that additional breakpoints will be clustered in 2 small region

decreases proliferation of the lenkemia in vitro.

of the IL-3 promotor. The PCR assay we have developed will -~ An important aspect of this work is the suggestion of a
be useful in the screening of additional clinical samples for  therapeutic approach for this disease. I an antcering leop for
this ab. ity. . Ef3canbedocumentedinthisdisea@e,ammpmmlomr
The finding of a disrupted IL-3 promotor asscciated with  circulating JIL-3 levels oz block the interaction of -3 with
an otherwise normal IIL-3 gene implied that this tvansloca- iwrewrwmymmfuﬂ-Bmmmwomm%m
ﬁommightmwmemeewmmmm,sgm thewsinophﬂiain&hesemﬁenﬂsﬁsmeﬂaﬂeﬂbymm
preduct. I this worl, we have docnmented that this is trac. y ctine effects of leukemia-der} 53, similar ing '
In additidn, neither GM-CSFF nor fIL-5 ar€ over-exprcssed by may-Igigve this aspot of tho discase. Antibodies op
the leukemic cells. Furthermors, in one patient, sezum IL-3 - engincered ligands to accomplish these goals may soon be
could be measured and correlated with diseaso activity. To  available. :
ouxkriowledge.thisisﬁheﬁrstm%nremeﬂofhumanﬂé -
in serum and its association with a disease process. The ACKNOWLEDGMEMNT
measurement of serum IL~3 in this and other clinical settings - We thank Naoko Asal, Ken-jchi Arai, R. O"Rourks, J, Grimalds,
may now be indicated. and . O°Connell for technical assistance and/er helpfal discussiong.
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;" ~Clinical-and Pathologic Significance of the

c-erbB-2 (HER-2/neu) Oncogene
Timothy P: Singleton and John G. Strickler |

5 > S .

The c-erbB-2 oncogene was first shown to have clinicsl significance in 1987 by

- Slamon et al,™ who reported that c-erbB-2 DNA amplification in breast carcino-.

mas correlated with decreased survival in paticnts with metastasis to axillary
lymph nodes. Subsequent studies, however, of c-erbB-2 activation in breast
carcinoma reached conflicting conclusions about its clinical significance, This

oncogene also has been reported to have clinical and pathologic implicationsin .
" other neoplasms. Our review suminarizes these various studies and examines °

the clinical relevance of c-erbB-2 activation, which has not been emphasized in
recent reviows. %35 The molecular biology of the c-erbB-2 oncogene has been
extenstvely revieweds?.54% and will be discussed only briefly here. ’

- .
%
ERY "_} .

-2

BACKGROUND

The c-erbB-2 oncogene was discovered fn the 1880s by three lines of investiga-
tion. The neu oncogene was detected as a mutated transforming gene in

neuroblastomas induced by ethylnitrosurea treatment of fetal rats.ABMUT The o-

erbB-2 was a human gene discovered by its homology to the retroviral gene v-
erbB, 347 HER-3 was isolated by screening a human genomic DNA library for
‘homology with v-erbB.# When the DNA sequences were determined subse-
quently, c-erbB-2, HER-2, and neu were found to represent the same gene.
Recently, the c-erbB-2 oncogene also has been referred to as NGL. :
The c-erbB-2 DNA is located on human chromosome 17q21#45 ard codes
for c-erbB-2 mRNA (4.6 kb), which translates c-erbB-2 protein (p185). This
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‘ protein is a normal component of cytoplasmic membranes, The c-erbB-8
L oncogena is homologous with, but not identical to, c-erbB-1, which is located

.

N i on chromosome 7 and codes for the epidermal growth factor receptor. 12 The o
o si erbB-2 protein is a receptor on cell membranes and hes intracellular tyrosine
i * kinase activity and un extracéliular binding domain.®% Electron ‘microscopy
_______ _.____.’,a gt m mm— e e s with a polyclonal sntibody dateots e-erbB-8 lm_ximnoreacuvi ¥ On oyt hsmie_r_ e
B . membranes of neuplasms, especially on microvilli end the non-villous outer cell
; i membrane.® In normal cells, immunohistochemical veactivity for ¢-6vbB-3 Is
?:i . . - frequently present at the basolateral inembrene or the cytoplasmic membrane’s
e brush border.sb  © . | '

i There is experimental evidence that ¢-erbB-3 protein may be Involved ln

the pathogenesis of breast neoplasin. Overproduction of otherwise normal o

TR Ny erbB-2 proteln van transform a cell Iine intd a malignant phenotyps.® Also,
-t - when the new ohcogens ¢ @il activitin} poin¢ mutation'is pleced i -

transgenie mice with 8 strong promoter for incyeased expression, the mice
i ' develop muliiple independent mammary adencearcinomas. 1% In.other experi-
te 1 , monts; monoclonal antibodies against the new protein finhibit the growth (in
S LA nude mice) of & nsu-transformed cell line,* and immunization of mies with
;' ; ney protein protects them from subsequent temor ehallenge with the new- .

i transformed call line.® Some authors hiave speculated thet the usa of antago-
kK : nists for the unknown ligand could be uscful in future chemothezapy.® Further

: ,i 3 . review of thig experimental evidence i beyond the scope of this article.
i 2: . The c-erbB-3 activation most likely occurs st an early stage of neoplastic
;” . devalopment. This hypothests is supported by the presence of c-6rbB-3 activa-

wLl o

tion in both in sitn and invasive breast: carcinomns, In addition, studies of
metastatic breast carcinomes usually demonstrate uniform c-erbB-2 activation
at multiple sftes in the same patient, %248 although c-erbB-2 activation has
rarely been detected in metastatic lesions but not in the primary tumor.te.107
Even mors rurely, c-erbB-2 DNA amplification bas been detected in a primary
breast carcinomsa but not in fis lymph node metastesis.5 In patients who have

 bilateral breast neoplasms, hoth lestons have stmilar patierns of c-erbB-2 activae
tion, but only a few such.cases have been studied. ., .
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MECHANISHMS OF c-arbB-2 ACTIVATION

Nean .oy A TR, €LY

The most common mechanism of c-erbB-2 activation is genomic DNA amplifica-
tion, which almost always results in overproduction of c-erhB-2 mRNA and
. " protefun, 17846381 The c-erbB-2 amplification may stabilize the overproduction of
. mRNA or protein through unknown mechanisms. Human breast carcinomas
: with c-erbB-2 amplification contatn 2 to 40 imes more c-erbB-2 DNAS and 4 to
: 128 times more c-6rbB-2 mRNA%® than found in normal tissue. Most human
breast carcinomas with ¢-erbB-2 amplification have 2 to 15 imes move c-erbB-2 -
DNA, Tumors with greater amplification tend to have greatex overproduc-
ton.Y"%& The non-mammary neoplasms that have been studied tend to have
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similer levels of c-erbB-3 amplification or overproduction relative to the corre-
sponding normal tissue.

The second most common machanism of o-erbB-2 sictivation Is overprodue-
tion of c-6rbB-& mRNA and protein without amplification of c-e7bB-2 DNA.
The guintities of mRNA and protein. usually aés less than thoss in amplified
cases-and-may-approach the-small quentities present in;

AR QKT | }" ot

. Hissues; "R The e-arbB-3 protein bverproduction without . overprodue-

tion or DNA amplification has been described in a fow buiman breast carctnoma
cell Hnes . .

Other rare mechanisms of c-erbB-3 activation have been repozted. Translo-
cations involving the ¢-6rbB-3 gene lisve been described in 2 few mommary and
Gastrle carcinomes, although some reparted cases may represent rastrietion
- fregment- length 3 }

porphisms, oz ingo; regjriction emzyme digesions
that mimfo translocations. SEmMMALI0 X sfigls point mutation in the ransmem-
brans portion of new has been described in rot newroblastomas induced by
ethylnitrosures, 5 The mutated nsy protefn has increased tyrosine kinass activ-
ity andl aggregates at the coll membrene. BAS Although thers has been spaculs-
tion that soma of the emplified c-erbB-3 genes may contalin point mutations,
none }as been detected in primary human neoplasms:énsaa o

TECKNIQUES FOR DEVECTING c-arbB-2 ACTIVATION

" Dolection of e-aibB-2 DNA Ampiifisation

Amplification of c-27bB-3 DNA is usually detected by DNA dot blot or South-
ern blot hybridization. In'the dot blot method, the extracted DNA is placed
directly on & nylon membrana and hybridized with e c-6rbB-2 DNA probe. In
the Southern blot method, the extvacted DNA s treated with .8 restriction
enzyme, and the fragments ave separated by electrophorests, transferred to a
nylon membrane, and hybridized with & c-6rbB-2 DNA probs. In both tech-
niques, c-erbB-2 amplification i quantified by comparing the- intengity (mon-

sured by depsitometry) of the hybridization bands from tihesmmple yvi@]lntbnsa

from comtrol Hssue.

Sevaral technicel problems may complicate the measurement of c-erbB-2
DNA amplification. First, the extracted tumor DNA may be excessively de-
graded or diluted by DNA from stromal cells.® Second, the c-e/bB-2 DNA
probe must be carefully chosen and labeled. For example, oligonucleotide -
erbB-2 probies may not be sensitive enough for measuring a low level of c-erbB-
2 amplification, because diploid copy numbers can be difficult to detect (umpub-
lished data). Third, the total amounts of DNA in the sample and control Hssue

‘must be compensated for, often with a probe ‘to an unamplified gene. Many

studies have used control probes to genes on chromosome 17, the location of o~
erbB-2, to correct for possible alterations in chromosome numbes, Identical
vesults, however, are obtained by using control probes to genes on other chro-
mosomes, %8 with rare exception.) Studies using control probes to the beta-
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globin gene must be interpreted with caution, because one allele of this gene is

-deleted cccastonally {n breast carcinomas.?

 Amplification of c-erbB-8- DNA was assessed by using the 'polyme'mse
n reaction (PCR).in one recent study.® Oligoprimers for the c-erbB-2 ‘gene

gens ars added to the sample’s DNA, PCR 15 performed. If
R FOpIies Of v RS DN Th % 31 COnYO) Peng, the

e .
Jie (XS

Delselicn of c-arbB-2 MRANA Overproduciion o
Overproduction of c-erbB-2 mANA usoally is measurad by RNA .dot blot or
Nosthern blot hybridization. Both techmiques. require exizaction of RNA but

otherwlse aze analogons to DNA dot blot aind Southern biot bybridization. Uss
- -of PCR for detection. of corb3-8 mRNA-hagheon destribed tn two recent

ababracks. a0 ) . )
Overpreduction of c-erbB-8 mANA can bo measured by § sitw bybridizar °
tion, Sections are mounted on glass slides, treated with proteass, hybridized
with & radiclabolad proba, washed, treated with nuclease to remove mohound
proba, and dsveloped for autoradiogrephy. Silver gralns are seen only over

stumor calls that overproducs ¢-6rbB-2 mBNA, Negative control probes are

uged. B4 Qur exparience indicates that thess technigues arc relatively insens].
tive foy detecting c-6rbB-2 mRNA overproduction fn routinelly procassed ds-
sue. Although the sensitivity may-be increased by modifications that allow.
simukeneots detection of c-6rbB-3 DNA and mRNA, in sftu hybridization sl
is cnmbersome and -expensive (unpublished data). . ,

Al of the above c-erbB-2 mRNA detection techniqués have several prob-
lers that make them more difficult to perform than techniques for detecting

. DNA amplification.: One mejor problem is the rapid degradation of RNA i

Ussue that is not immediately frozen or fixed. In addition, during the detection
procedurs, RINA can be degraded by BNase;, a ubiquitons enzyms, which must
be elfininated meticulously from laboratory solutions. Third, contzol prebes to

genes that are un exprassed in the tssue of intevest need to be carefully
selected. s - v o - oo

-

Deteetlon of eerbB-2 Protein Overpreduction

_The most acourate methods for detecting c-erbB-2 protein overproduction are

the Western blot method and immunoprecipitation. Both technigues can docu-
ment the binding specificity of varions antibodies against c-erbB-2 protefn, In:

“Western blot studies, protein is extracted from the tssue, separated by electro-

phoresis (according to sizs), transferred to a membrane, and detected by using an-
tbadies to c-¢rbB-2. In immunopreoipltation studies, antibodies against c-erbB-
2 are added to a tumor lysate, and the resulting protein-antibody precipitate is

‘separated by gel electrophoresis and stained for protein. Both Western blot and

immunoprecipitation are useful research tools hut currently are not practical for

diagnostic pathology. Two recent abstracts have deseribed an enzyme-linked

immunosorbent assay (ELISA) for detection of c-rbB-2 z;wntein.‘f’*fs

-
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Overproduction of e-rbB-2 protein is most commonly assessed by various
immunohistochemical technigues. These procedures often generats conflicting
results, which are explained at least pastially by three factors. First, varions
, -studles have used. diffexemt polyclonal and monaclonal antibodies. Because
. . - some polyclonsl antlbodies recognize weak bands i addition to the cerbB-8
TN T e s e e e e vetnrband-om "-"(‘- RCIED %MUYWMW@M‘W%W .-

studies should be fnterpreted with cavtion. ®%4.8 Even some mancclonsal anti-
*bodies immunoprecipitate protein bands in addition to c-erbB-S (pl85). e
Second, tissue fixation contributes to variability between studies. For example,

.- soms enttbodics detect c-6rbB- protein only in frozen tissue and do.not react

in fited ussue. In genesal, formalin Axation diminishes the semsiivity of

. Immunghistochemica] methods and decréases the muber of reactive colls..0
Whan Bouln's fixsiive s uied, thexe may.beq bigher, percaptage of positive |
cases,™ Third, minimal criteria for interpreting fmmunohistcchemical staining
are ganarally Jacking, Although thers is géneral agreement that distingt crisp
¢ytoplasimic membrane staining s disgnostic for c-avbB-3 activation in breast

-carcinoma, the mumber of positive cells and the steintng intensity required to )
dlagnose c-¢r5B-2 proteln overproduction varies from study to study and Fom
antibodly to antibody. Degradation of c-erbB-2 protsin §s not a problem because

_it can be detected in fntact form more than 24 hours after tumor resééton
‘without fization or freezing,® ’

. I . .
Vs n‘q»«.n—.n‘.&-,m-v—— [l

- , ACTIVATION OF c-arbB-2 N BREAST LESIONS

Incldenes of c-erbB-2 Activation
Most-studies of c-erbB-8 oncogene activation do not specify histological sab-
types of infiltrating breast carcinoma. Amplification of c-erbB-2 DNA was found
in 19.1 percent (519 of 27185) of lnvasive carcinomas in 25 studies (Teble 1), and’
¢-erbB-8 mRNA or protein overproduction was detected in 20.9 percent (588 of
_ 2714) of fnvesive corcinomas in 20 stadies. Twelve studies have documented o
v . %rbB-3 mRNA or protein overproduction i 15 peieent (88 of 604) of cardinomas
" that lacked c-erbB-2 DNA amplification. |
' The incldence of c-erbB-2 activation in infiltrating breast carcipoma varies
with the histological subtype. Approzimately 23 percent (148 of 650) of infltrat-
ing ductal carcinornas have c-erbB-3 activation, as expected frorn the above
data. Other variants of breast carcinoms with frequent c-erbB-2 activation are
inflammatory carcinoma (62 percent, 54 of §7), Paget's disease (83 pezcent, 8 of
11), and medulliry carcinoma (32 percent, 5 of 23). In contrast, c-erbB-2 activa-
tion is infrequent in infltating lobular carcinoma (7 percent, 5 of 73) and
tubular carcinoma (7 percent, 1 of 15).
The c-¢rbB-2 protein overproduction is present in 44 percent (44 of 100) of
N ductal carcinomas in sitn and especially comedocarcinoma in situ (68 percent, - f
. 49 of 72). The micropepillary type of ductal carcinoma In situ also tends to have |
o-evbB-2 activation, 5.8 especially if larger cells are present. The greater fre-
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y .. quency of c-erbB-2 protein overproduction in comedocarcinoma in site, com- C ol
- : pared with infilrating ductal carcinoma, could be explained by the fact that
many infiltrating ductal carcinomas arise from other types of intraductal carci-

. noma, which show c-erbB-2 activation infrequently. Others have speculated .

S ©_: that carcinoma in sihi with c-erbB-2 ackivation tends to regress or to lose o , .
B f—ﬁmﬁﬁmmm“ T T
’ components of ductal carcinoma, however, usually are similar with respect to o- .

erbB-2 activation, ' dlthough some suthars have noted more heterogeneity of .

e

. : but may include other areas of varcinoma: in.sity, 4340 Overproduction ofs¢- - . .
) R * erbB-2 protein In ductal carcinoma fn situ correlates with larger cell size and a
' periductal lymphoid tnfiltvate,® .
.| Activation of c-erbB-2 has not been identifisd in benign breast lesions,
including fibrocystic disease, fibroadenomas, and radial scars (Table 2). Strong .
membrane immumohistochemical reactivity for o-erbB-2 has notbeen described Cq
in atypical ductal hyperplasia, although weak accentuation of membrane staining :
has been noted infrequently. 345 In normal breast ssuc, c-erbB-2 DNA is
diploid, and c-erbB-2 s expressed at lower levels than inactivated tumors, S
-, 'Thess preliminary data suggest-that c-erbB-2 activation may not be useful
for resolying many of the common problems in diagnostic surgical pathology. For
example, c-erbB-2 activation is infrequent in tubular carcinoma and radial scars, ’ |
In additfon, because c-erbB-2 activation is unusual in atypical ductal hyperplasia,
cribriform carcinoma in situ, and papillary carcinoma in situ, detection of e-erbB- !
. 2 activation in these lesions may nothe helpful in their differential diagnosis. The .
4 histological features of comedocarcinoma in situ, which commonly averproduces '
c-erbB-2, are unlikely to be mistaken for those of benign lasions.- Activation of

22

o ‘TABLE2. g-ort3-2 ACTIVATION IN BENIGN HUMAN BREAST LESIONS

corbB-2DNA  cerdB-2mANA  c-esbB-2 Protoin {
Histological Diagnos!s Amplification» Overproduction Overproduction

Flbrocystic disease - 00 - ‘0/32,%.0/9,% o/ :
i Atypical ductal hyparplasla —~ - 2{weak)/21,%
‘5 . 1{cytoplasmio)/13% {
. Benlgn ductal hyperplasia — - 0792
. , . Sclerosing adenosla - - 0/4» .
v Fibroadenomas 0118, 0/8, 0/8,% 0/3% 0/21,% 010,22
: . . oy oHn 0/, 013"
: . Radilal scars ; - - 0/22%
: . Blunt duct adanosis - - 0/14»
) "Breast mastosis* - 5% —
1

“Shown aa numbaer of cases wih activationrumber of cases studied; reference Is given as a superscript.

'
-

;,-,(-1.';:.::.-:..'. b
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c-erbB-2, however, does favor i.nﬁltmti;lg ductal carcinoma over mm@ng
Tobulay careinoma. Further studies of these issues would be useful,

Comelztlon of e<erbE-2 Activation Wit Pathologls Prognostis Fasiors

- Multipls studies have ettompted to correlate c-érbB-8- activation with various

BN

correlation of ¢-erdB

* activation with progn

goostio factors (Table 3). Activaton of-c-or b8 wan correlaled

“PEtholDgIC. Progaosho
with lymph nods metastasis tn 8 of 28 serles, with bigher hstologieal grads tn 6

of 17 sarfes, and with higher stago in 4 of 14 sexles. Largs tumor stze was pod

assoclated with o-67bB-2 activation in most studies (11 of 14). Tetraploid DNA

content and low proliferation, measured by ¥i-67, bave been, suggested as
prognostic fctors and may correlate with c-6rbB-2 ectivation, 0% :

- Comsiaion o0 c-erdB-2 Activation With ClinfeskPrognostle Fostors  «

Varlous studias have attempted also to correlats c-6v5B-3 activation widh clinteal
features that may predict » poor outcome (Teble 4). Activetion of c-erbB-8
correlated with absence of estrogen receprors tn 10 of 28 serles and with ah-
sence of progesterons receptors.in 8 of 18 series. In most studies, patient age
did not correlate with c-orbB-2 activation, snd, in the rest of the
erbB-2 sotivation was associated with aither younger or older ages.

Comelation of c-erbB-2 Activation With Patlent Outeomo
Slamon &t 2l Rrst showed that amplification of the c-crbB-3 oncogenoe inde-
pendently predicts decyeased survival of patients with breast carcinoma, The

the correlation of number of involved lymph nodes with poor outcome. Slamon

et al also reported that c-erbB-2 amplification is an important prognostic indicas
tor only in patients with lymph nods metastasis. P&

A large number of subsequent studies also attempted to correlate c-erbB-2

asis (Thblo B). In 12 serles, there was o corvelation be-

tween c-erbB-2 activation and tumor recorrencs or decreased survival. To five

of thess series, the predictive valuo of cerbB-2 activation was regorted to b
. independent of other prognostic factors,-In conitrast, 18 sedlesdid not-confirm .. .

the correlation of c-erbB-2 activation with recurrence or survival, Four possible
explanations for this controversy are discussed below:

One problem is that c-erbB-3 amplification .correlates with prognosis
mainly in patients with lymph node metastasis, As suramarized in Tabls 3, most
studies of patients with axillary lymph riede metastasis showed a cograjation of
c-srbB-2 activadon with poor outcome. In contrast, most studies of patients
without axillary metastasis have not demonstrated 2 correlation with patent
outcome. Table 8 summarizes the studies in which all patients (with-and with-
out exillary metastasis) were considered as one group. There is a trend for
studies with a higher percentage of metastatic cases to-show an assoclation
between c-erbB-2 activation and poor ontcome, Thus, most of tie current
evidence suggests that c-rbB-2 activation has prognostic value only in patients
with metastasis to lymph nodes. :

reports, o~

-2 amplification with poor cutcome was nearly as strong as-

o vt
TRy >
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178 T.P. SINGLETON AND J.G. STRICKLER

TABLE 8, CORRELATIO

N OF c-2rbB-2 ACTIVATION WITH OUTCOME IN PATIENTS

al 0,08 to 0,15, and Ia not signifioant at >0:15,

2Shown as variable measured. Lattara “WR"
immunohistochamical meihods.

*M = muliivarists statictical anelysts; U = nivariale stafistical analysts.

s statiotically significant at <0.08, Is of equivocal signfficanch

WiTH BREAST CARCINOMA
) Number of Patienis
. Typsol - - Molastasts fo . . : oo
e e e —— ————— _..wm ¢ ™ asemme ..___m_._... .._:._.m_. ..._mw-,‘._.__‘.-m_.. [T .. ree ve w aus <
T Pe Activation® Tolef Lymph Nodes Mefastasls Analysisa Reference .

- <003 ONA 176 M 87

<0.08 DNA 8 T 50

<0.05 DNA . 57 v [

<0.08 DNA 4 v 09
| <0.05 MANA €@ - U 88

<0.08 Prolein  v-=102 P - B M- 10 =me o

<0.05 DNA 345 . M 8 :

<0.05 DNA 120 u 17

<0.03 DNA 91 U a7 -

<0.05 .DNA 88 p) M m,

<0.05 Protetn-WB' - 880 - M es

<0.08 Protein 62 44 U 101

0.05-0.16 DNA - 67 v 111

0.05~0.16 Proteln 189 M 92

0.05-0.16 Proteln . 120 v B8

>0.15 DNA 130 L. 113

>0.15 DNA . 122 M 4

>0,15 DNA 50 v 44 f

>0,18 mRNA 57 v 50

>0.15 Protein 290 M e ,

>0.15 Proteln 195 u 19

>0.16 Proteln 102 U 39"

>0.15 Protein 137 u- 17

>0,15 DNA . 181 M 81

>0.15 DNA . == 22 B . - 159 v R AR

>0.15 DNA 73 u 87

>0.15 Protein-WB 978 u 85

>0.18 - Protoin-wa 192 u 17

>0.15 Proteln 141 ‘v g8 .

>0.15 Proteln 41 ] 40

mmnummmemmrmmmmmmwmenmmo

€rhB-2 activation and'a poorer patient outcome

Indicate assay by Westem blot; ta cther pratein studes ussd

f— o e —
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TABLE 6, PERCENTAGE OF BREAST CARCINOMAS WITH METASTASIS COMPARED
WITH PROGNOSTIC SIGNIFICANCE OF c-erbB-2 ACTIVATIO

71 (DNAJ®

_Seoitumomwith . _ .. __{ . e e e e e e e e
lymph node | ..

.| [ ENAe. ‘ B1(DNAY
' 58 DNAJ
B8 (Proteinyw . .| 58 {(ONAY

57 (DNA)1s
* [ 58(Protsinj

Lo ] o

¥

48(Prolein)"
43§Pro|eln)-

42(Protein)=
—~4 —} 4

. P<0.05 0.06<P<0.18 P>018
p@mmdmmmmmmwm

Ench study’s pamentage of brezst cartinomas with matasiashs ia comparad with the cerelation belwean o

mumnmmmmmwmmmmmnmmum
mmm«wmhmmmwmmmmm In parenthesas
ara-the lypea of c-6rbB-2 acivation, P values are Interpreted a3 in Table 3.

noma, but it Is an uncommon lesion. . ,
A third potential problem is the Ppaucity of studies that attempt to correlate

- ¢-erbB-2 activation with clinical owtcome in subsets of breast carcinoma without

metastasis. Two recent abstracts reported that jn patients without lymph node
metestasis who had various risk factors

recurrence. 2 In patients with ductal carcinoma in sity, one smeall study found
1o assoclation between tumor recurrence and c-erbB-2 activation.®

A fourth problem is the lack of data regarding whether the prdgnosis'

correlates better with c-erbB-3 DNA amplification or with mRNA or protein
overproduction. Most studies that find a corrolation between c-erbB-2 activa-

e e e

B4DNAY 84 mANAY®
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overproduetion without DNA amplification deserves further r
._-,‘ harem mora pE--beo—a elnte~nniiann - 0)' (e [

' Other oncogenes that may beve p;ggmsﬁe implications in human breast cancer

178 Y.P. SINGLETON AND J.G. STRICKLER

tion and poor patient outcome measure c-erbB-2 DNA amplification (Table 5),
and breast carcinoma patients with greater amplification of c-erbB-g may have

Poorer suzvival, ™ Recent studics _suégest that amplification has more prognos-
te power than overproduction, 143 byt the- clinieal significan

W2 Fevw

oveo. y stu 2 protein overprodiwctip n'fela-
tivaly lass reliable methods such sg immunochistochemical studies with ‘poly-
clonal antihodies, . C ) -

Comparison of c-erbB-2 Aetivation Wit Other Oncogenes In
Breast Carclnoms ' i :

ave reviewed clsowhere, ™% This section wil bg restrieted to 2 comparson
between the clindcal ralevancs of -arbB- and these other oncogenes, )
The e-myc gene is often activated In-breast but e-mye active-

" ton generally has less proguostic importance than e-grbB-9 activation, Msamanes

One study found s corralation hetwoon inereased mRNAsS of c-¢rbB-2 and o
mye, although other veports have not confirmed this, 24102 Subsequent research,
however, could demontrate a subset of breast carcinomas in which c-myc hag
mora prognostic importance than c-erbB-2, :

The gene c-erbB-1 for the epidermal growth factor receptor (ECFR) is

. homologous with c-erbB-2 but 15 infrequently amplified in breast carcingmag, ™

Overproduction of EGFR, however, cecurs more fmquanﬁy.tbmn_ amplification

- and may correlate with g poor prognosis. In studies that have examined both o+

erbB-2 and ECFR tn the same tumor, ¢-¢rbB-2 has a stronger correlation with-

Poor prognostic factors. %8 Studies haye tended to show no correlation between

c-erbA expression in breast carcinomas, howevey, is evidence agafst an impor-
tant role for this gene i breast neoplasia.® Amplification of c-orbB-2 can cocur

‘without ear-1 amplification, and these tumors have & decreased survival that is -
similar to tumors with both c-erbB-2 and ear-1 amplification. & Consequently,

c-erbB-2 amplification seems to be more important than amplification of c-erbA,

- or ear-].

- Other genes also have been compared with c-erbB-2 activation in breast
carcinomas, One study found a significant correlation between inereased c-erbB-
2 mRNA and increased mRNAs of Jos, platelet-derived growth factor chafn A,
and Ki-ras.1%3 Allelic-deletion of o-Ha-7a5 may indicate & poorey prognosis in
breast carcinoma,® but it has not been compared with c-erbB-3 activation. Soms
studies have suggested a correlation between advanced stage or recurrence of

- breast carcinoma and activation of any one of several oncogengs, i

ce of c-erbB.g -
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- detected, usually with immupohistochemical methods using polyclonal anti-
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ACTIVATION OF ﬁrbB-L‘ IN NON-MAMMARY TISSUES

Incidence of c-erbB-2 Activation In Non-Mammary Tissues
Table 7 summarizes the normal

tissues in which c-erbB-3 expression has bee:

e’

£ OF o-&sdB-2 MRNA OR c-erbB-2 PROTEIN IN
'NORMAL HUMAN TISSUES . '
carbB-2 - Tissuss Producing Tissues Lacking Tiskues Lacidng
- MRANA® cebB-2Proteint | owhB-2mMRNA o-rbB-2 Proteln
sunu . f - . Ly o o -
i, EemiA - em L
Ecorine sweat glang» . .
Fetal ora) mucosa® Postnatz) oral mucosas
Felal esophagus® Posinala) esophagus®
. Fetal Intestingt2e
Jejuwum® © Smel intestnez2e
Colon* Colonna
Kidngys Fotal iddneye Kidneystos Glomerulusse - ..
ot . Postnatal Bowman's capsule®
Fetal proximai tubulsts Postnatal proximal tubulge2
Distal tubutes .
Fetal collacting ducfi2 Postnatal collacting ducte?
Felal renal pelviss Postnatel! renal palvis®
Felat ureter= _ _ Postnatad fotal uratert
Livers Hepatocytdsa : ’ Uivarszss
* Pancreatic acini=
Pancreatic ductstza .
Endocrine cellg of isiots Pancreatio Islatsn
of Langerhans™s :
; Feta) trachea®. e Postnalal trachea®
L Fotal bronchiolgs == - ~¥=" "R - ~.  pocinatal bronchiolass ’
Bronchioles™ : )
' Postnatal alveolpes
Fetal brain® Postnata bralns
. Fotal ganglion calls® Postnatal ganglion cells®
Thyrald?
Uterus?
mmu
. Blood vessalse Endothafium#2
Placentat .
. Adronocortical cells®.
Postnatal thymus2
s Fibroblasts®®
’ Smooth muscls cells®
" Cardiac musole callg®

- —

TABLE 7. PRESENCE OR ABSENG

“This protain study used Wester blots; the rest used immunohistochemical methods,
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bodies. Only a fow studies have

been performed, and some of these do not

demonstrate convincing cell membrane reactivity in the published photo-

graphs. The interpretations in these studies,” however, are listed, with the -

caveat that these fAndings should be confirmed by immunoprecipitation or

) elium of the g

OIMe

techniques.

The data on o-¢rbB:2 activation in various non-mammary neoplasms .
should be interpreted with caution,

Western' or RNA blots. Production of c-67bB-2 has been identifled. in normal -

intestina km, Discrepancies regarding e -..-:.'-.-. - 3
.erbB-2 protefn in o erﬂsmeseouldbedue.atleastinpart,md!ﬂ‘amneesin -

(ract and 9

because only small numbers of tumors have

* been studied, usually by immunchistochemical methods using polyclonal antis
bodies. Studies using cell lines have beeir excluded, becauss cell culture ¢an

-
3

been documented for c-erbB-2.

induce. amplification and ‘overexpression of other genes;,rélt_hongh this has not

. Activation of c-¢rbB-3 has been id.entlﬂed in 33 percent (84. of 203) of
ovarien carcinomas in eight studies (Tabls 8). One abstract® stated that ovarlan
mrdnomasfqor}ta!né& significantly more c-erbB-2 protein than ovarian non-

. Activation of c-erbB-3 has been identified in 20- percont (40 of 168) of

gastrie adenocarcinomas in seven

Ma, including 33 percent (21 of 64) of

TABLES, c-erbB-2 ACTIVATION IN HUMAN GYNECOLOGIC TUMORS®

Tumor Type

o-arbB-2 c-arbB-2

mRNA. Protein -
SgrbB-2 DNA

Qvar- - Qver-

. Ampiification production  production -
Ovary—carsinoma, not otherwise S1/1209 1141, 23/87™ 273,12
spocified 0/8,'% /5, M Of3, 112 38720

. ) . Q2,m o/

- Ovary—sorous (paplllary) carcinoma a7y g.";_wa,’;_‘ - -

Kvary—esndometriold carcinoma-= - o~ R o -

Ovary—mudinous carcinoma 120 oHm - -
Ovaty—cleer coll carcinoma 02N - —_
Ovary—mixed epithellal carcinoma orem - -
Ovary—endometriold borderte tumor o/im - -
Ovary—mucinous borderiine tumor o3 - -
Ovary—serous cystadenoma s - -
Ovary-—mucinous cystadenoma oenR — -
Ovary—sclérosing stromal tumor onm - -—
Ovary—~fibiothecoma om - -
Uterus—sandometrial adenacarcinoma 0/4,% o/ 110 - -

‘Shownaanumbero!easeswlmmwmuon

{or overproducion)fiotal number of cases studied; referenco la

Mnmmmmmmmmmmnbm@mha!mem

e
»
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' intestinal or tubylar subtypes and 3 percent (4 of 47) of diffuse or signét ringcell
_ ‘subtypes (Table 9). Activation of e-erbB-2 has been deteo

ted in.2 percent (§ of
281) of colofectal carcinomas, although an additional Immunohistochemical

study detected c-erbB-3 protein in seven of eight tissues fixed in Bouin's soju-

PO €O,

" using Bouln's fixative. Lestons with anaplastic foatures

tion. One study. found greater immunohistochemical reactivity for c-erbB-2°

' a'nd‘pmgrecs!on to inva-
stve carcinoma tonded to show decreased immun, : y for o

\ reactivity
erbB-2 protein.® Hépatocellular carcinomas (12 of 14 cases) and cholangiocarci- _
nomas (46 of 63 casss) reacted with-antibodies against c-erbB-2 in one study, but
some of these “positive™ cases shoyvéd only diffase cytoplasmic stalning, which

. 'ABLE Q. ‘o-erbB-2 AGTIVATION IN HUMAN QASTROINTESTINA TUORSS B

cebB-2
. ‘Protein
Evophagus—sqiamous cell carcinoma o LU
Stomadh—carcinoma, poorty differentiated . 0/2210 . -~
Stomach—adenocarcinoma ' R4M2ABTI AN g7 anon”
. o . 278, B/1i0e
Stomach—carcirioma, Intsstinal or tubular typs - 6110t 1e542
Stommash—oarcinoma, diffuse of signet fing calltyps' /21 . 41450
Coloractum—ocarcinoma 249 1145,m 1722, 7552
L NABIT Y458 .
. 0/40,% 032,12 gy3%=
Colon—villous adenoma L . -
Colon—ubulovilious adenoma . Osm -
Cuolon—twbular ddenoma orze 194452
- Colon~—hyperpiestic polyp oHe L -
Intesh Roma s onm
Hepalocolluler carcinoma. — =~ - o TRR e - o
Hopatoblastoma 173 L -
Cholanglotarcinoma - 48/63%
" Pancreas—adencoarcinema - 2/B0,210 pr2et
 Pancreas—aclnar carcinoma - e
Pancreas—clear cell carcinoma - or2it
Pancreas-—large call carcinoma | - 0734
Pancreas~signet ring carcinoma — 0/
Pancreas—chronlc Inflammation - 0144

*Shown as number of cases with ampiification {or ovarproduction)total umber of cases sludiad; reference Is
given a3 superscript. All protain studles used Immunohistochemical mathods, No studies analyzed for o-8rbB-
2mANA. T .

”ﬂsmea!ﬂodhﬂouln'aaohﬂon. .
“Only eases with distinct membrans stalning are Inlerprated as showing o-embB-2 overproduction,

pithelivm, - - .-
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TABLE 10. c-erbB-2 ACTIVATION IN HUMAN PULMONARY TUMORSs . ;
: T o , ced32 '8
. T ¢-erbB-2 DNA . Protiln ) 4
Tumor Type Amplification Overproduction .
, : Non-small cell carcinoma 2/80, 0/e0m 184 R B
e —-~—Epidemmold-carctnoma——— - - agmgIgEEEs— —— — —- — — gem T T
. " Ademocarcihoma’ 0/21% 4713, o7, V7 5 Qg7 AN2m A . - K
X Largs cell carsinoma 0/8,% /g . - il
Small cofl carcinoma ) - o6 o - ) | B
. Carcinod tumor L : a3» : ; 1.
) meammm(ummmmdmmms '
. . . S g!wnu MMWMWMMWW”M&

does not iadicate ¢-erbB-2 activation in breast neoplasms.® Also, some pancre-
atlo carcinomas and chronfo pancreatitis tissne had toplasmic immunohisto-
X chemical reactivity for c-erbB-2 protetn, in addition to the rare case of pancre-
.ot atic adenocarcinoma with distinet cell membrane staining. @ oL
. : . 'Tebles 10 throigh 14 summarize the studies of é-arbB-2 activation in other
o .2 . " neoplasms. The c-erbB-2 oncogene i not activated in most of these tnmors.
- . " Activation of c-erbB-2 has been detected in 1 percent (4 of 200) of pulmonary
. L . . non-small cell carcinomss in nine studies, although orie additional report®
found c-erbB-2 protein overproduction in 41 percent (7 of 17). Renal cell carci-
i - noma had c-erbB-2 activation in 7 percent (2 of 30) in four studies, Overproduc- I
- - ton of c-erbB-2 protein was described in one transitiorial cell-carcinama of the ) !
urinary bladder, a grade 2 papillary lesion. Squamous cell carcinoma and basal . ]
. cell carcinoma of the skin may contain c-erbB-2 protetn, but it is not clear

TABLE 11, c-erbB-2 ACTIVATION IN HUMAN HEMATOLOGIC PROLIFERATIONS* i

o-ardB-2 corbb-2

T Protein -
@ . 0 . v . ! ocubBapNA* '% 7 Ovas @
’ ’ : * Tumor Typs - Ampiifieation production production
i * Hematologlc malignancies /23 ) - - :
i * Mallgnant ymphoma 09 /317 ot o/En
: Acute leukemia 4w - -_—
; . Acute lymphoblastic leukemia - oM - —
. . Acute’ myeloblastic lsukemla /3o - - .
Chronic leukemia 0/g% -~ -
Chronic lymphocytio leukemla orear. - - ]
Chronlo mysfogencus leukemla o/to7 - - i
’ Mysioproiiferative disorder o/ — -

R %um»dmnmwM(ummmmummwMuh i
I: maswanpmmnanadHnmmmmmme ‘
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TABLE 12. c-erbB-2 ACTIVATION IN HUMAN TUMORS O SOFT TISSUE AND BONE

c-arbB-2 DNA -
. Tumor Type . Amplification .
Sarcoma /10, /g™
<o Mallgnant firous histiooytoma _ oiyw? - R N
. ’Liposarcoma . ot ‘
Pléomorphtosamn)a ' ier
Rhabdomyosarcoma o/qrer
Osteogento sarcoma - 072,37 Q21
“ Chondrosarcoma o
" Ewing's sarcoma e
. Schwannoma . o
'Wu;mm{bw' ibor of casas with amptification (or overpradustion’ W fonbier

of cases ehudlad; referenco ls
mmmmMsMﬁMmdhmzmuma—emé@ )

.

Correlation cf c-arbB-2 Activation With Patierit Outcome

Very few studies have attempted (o correlate c-erbB-2 activation in non-

mammary tumors with outeame.Slamon et al* showed thst c-erbB-2 amplifica~ . .
tion or overexpression in ovarian carcinomas correlates with decteased survival, [
especially when marked activation is present. However, they did-not report the

stage, histological grade, or histological subtype of these neoplasms, Another .
study of stages UI and IV ovarian carcinomas found a corvelation between .

" TABLE13. c-erbB-2 ACTIVATION IN HUMAN TUMORB' OF THE URINARY TRACT

- oerhB-2 B B
mRNA Protein .
. o-erbB-2 DNA Ovor Ovar
Tumer Yype * Amplification production - produciion
Kidney—renal coll carcinoma 1/8,57 1/4,%07 /5o 0/16t0e ’ -
Wilms' tumar 045 — —
Prostate—adenocarcinoma - - . 0/28%
Urinary bladder—oarcinoma —. — 1/48=2

* *Shown 83 number of cason with ampliication (or overproduotion)iotal number of casss stidlad; referance I
given 83 superscriph. All protetn studies used tmmunohistochemical methoda, .




184 T.P. SINGLETON AND J.G, STRICKLER

TABLE 14. c-ordB-2 ACTIVATION IN MISCELLANEOUS HUMAN TUMORS».

oerhbBe2
owrbB2 Proteln
DNA c-orbB-2 mRNA

. Over-
- .TumorTyps . . Amplication Overprodustlon  produciion
—Sidn—malgnant melanoma— —---- - - '

Skin, head and nock—squamous  (/7in

. ceRcardnoma . : o :

- Sita not statad-—squamous col 7 02n - -

- cacinoma . L o

SaWal'yg!azw-adenocmmom'a nn - -

Parotld gland—adenold cystic - - (50

+ ~ Thyroid-~anaplagtic-careinoma o oW v T = -

Thyrold—papiiary carcinoma L © S{low levels)/s -
Thymld-adenooaldnom_ [T L g - .
Thyrold=—adenoma ‘ w2 " 4 (low loveln)2 - !
Neurobiastoma 0735 0B, O/™ ° - -

Meningloma 27 - - .
@mumammm(wmmmmmumwmmh
WSWMMWMWWM

SUMMARY

" Activation of the c-erbB-3 oncogene can occur by amplification of c-erbB-2
DNA and by overproduction of c-erbB-2 mRNA ando-erbB-2 protein. Approxi-
mately 20 percent of breast carcindmas Mmmamzmn, -
which correlates with a Poor prognosis primarily in patients with metastasis to
axillary lymph nodes. Studies that have atterpted to correlate c-erbB-2 ‘activa.
tion with other prognostic factors in breast carcinoma have reported conflicting
conclusions. The pathologic and clinical significance of c-erbB-2 activation in
other neoplasms is unclear and should be assessed by addittonal studies,
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